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ABSTRACT; 
Three problems associate.! with aging are 
discussed. The first is the failure of the 
ceramic disks in the column posts. Second is the 
spark erosion of metal components in the posts. 
And third is the cumulative deterioration of 
accelerator components associated with the use of 
a corona voltage distribution system as opposed to 
resistor grading. 
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1. Introduction 
The Canberra 14UD Felletrcn is eleven years old and is now 

showing thrae symptoms of old age component failure. The most 
serious problem is the cracking of column ceramics, the crucial 
structural components of the accelerator. Because of ignorance 
of the failure mechanism one cannot uniquely blame old age for 
this phenomenon. The second problem, of indisputable old age 
origin, is the spark erosion of metal components in the column 
structure. Finally, the issue of replacing the corona voltage 
distribution system with one based on resistors, may be as much 
indicative of the authors' age and fatigue as of the 
equipment's. 

2. Cracked Ceramics 
The skeleton of the accelerator is comprised of column 

posts made of a sandwich of aluirina insulating disks, diffusion 
bonded to titanium annular spark-gap structures. During routine 
examination of the accelerator, cracks were noticed in some 
ceramics. Tainted posts were removed from the accelerator for 
inspection. Figure 1 shows one such post after the removal of 
the aluminium flange and the top and next spark gap assemblieb 
compared to a complete post. 

The damage is worst in ceramic B, the first one from the 
top that normally has gradient across it. The damage extends 
into A and C which are contained within metal assemblies and so 
experience no DC electric field. Figure 2 shows a cut through 
ceramic B, putting to rest the hope that the cracks were 
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superficial. The appearance of the damage is suggestive that 
the failure started at a single point, well in from the edge of 
the ceramic. 

Five posts have now been removed. One, sent to NEC for 
inspection, broke in two during shipment. This was the most 
heavily damaged post. The other four were inspected in 
Canberra. Three had cracks confirmed by sawing the suspect 
ceramic in half; one was an innocent victim of crack hysteria. 
In the talk 1 ) by Tom Joy, Daresbury, a photograph was shown 
featuring a similar ceramic failure in an accelerating tube. He 
reports that such ceramic failure could be consistently produced 
by test sparking across a tube section. The probability of 
failure could be reduced to an acceptable level by choosing 
sufficiently small spark gaps for a given SF 6 insulating gas 
pressure. 

Are such column ceramic failures an unavoidable phenomenon 
in all NEC machines as they age, or were there special circum
stances that peculiarly put thos^ in the Canberra 14UD at unique 
risk? An unambiguous answer cannot be given, but those 
circumstances which may have contributed to over-stressing the 
ceramics at Canberra will be canvassed. 

Spark Gaps. The effective protection the spark gaps 
provide for their ceramics decreases as the SFg pressure 
increases. The Canberra 14UD was operated at 6.8 bar absolute 
for the last year as a strategy for coping with SF & breakdown 
products. The higher than normal pressure reduced corona 
currents which, in turn, reduced the breakdown product 
production rate. As well, this enabled operation only putting 
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two instead of three chains at risk. In other machines, spark-
induced deconditioning of the accelerating tubes has been a 
major problem and so we took the absence of tube deconditioning 
as an indication that the SF & pressure was not deleteriously 
high. It might now be argued that in a 14UD, the tube is in 
le3s danger due to sparks than the column! Operating the 
Canberra 14UD at high SFg pressure exposed its ceramics to 
higher than normal electric stress. 

Reverse Bias Sparking. In a corona graded accelerator, 
grading is only effective for one terminal polarity because the 
corona process is diodic. There was a recent occasion when the 
chains were left running, unattended, overnight with the 
charging power supplies turned off. The frictional charging of 
the chains against their pulleys, charged the terminal 
negatively. Voltage built up across the first, now open-
circuit, corona assembly until it discharged. What fraction of 
the machine charged before complete discharge is not known, but 
the accelerator repeatedly attained about -4 MV. The repeated 
discharging listed for seven hours. The cracked ceramics were 
found during a routine tank opening following this episode. 

NEC reports similar anomalous spark damage to ceramics in 
a test machine only when operating without grading. Why such 
circumstances, with modest stored energy, should put greater 
electric stress on ceramics, is not known. Nevertheless, this 
reverse sparking episode probably contributed to the rapid aging 
of the accelerator. 
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Spark Frequency - High Operating Gradient. Finally, the 
Canberra facility is unusual in that it operates consistently at 
or above its voltage specifications. As well, it performs there 
enduring many uiore sparks than other accelerators tolerate. At 
1 MV per unit, i.e. 13.7 MV, one spark every four hours is not 
unusual. More frequent sparking is the accepted price for 
performing experiments. The clock of age must tick more rapidly 
for a life vigorously lived at peak performance. 

Given the small number of suspect and proven cracked 
ceramics, there is no correlation with position in the 
accelerator and therefore with mechanical load or parochial 
electric stress 

3. Spark Erosion of Metal-Metal Interfaces in Spark Gap 
Assemblies 
An unsought and unwelcome by-product of the cracked 

ceramic post examination, was the discovery of severe spark 
erosion of metal-metal interfaces in the post structures. 
Figure 3 shows the end of the post with its aluminium flange 
removed. The lower section of the spark gap should make 
electrical contact with the flange. This contact has proved to 
be unreliable as evidenced by about one cubic centi-metre of 
aluminium power having been eroded from the flange. Indeed, the 
titanium disk sandwiched between the titanium spark-gap 
electrode and the flange is also spark eroded on both sides. 
Further investigation revealed spark erosion whenever a metal 
interface, in which titanium was a participant, was either not 
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3atisfactorily spot-welded or relied upon the springiness of 
titanium for a contact. 

This type of deterioration is progressive because 1) the 
erosion increases the electrical resistance of the interface, 
causing more energy to be deposited in subsequent sparks and 2) 
particulates injected into the electric field region, can 
detonate subsequent sparks. 

Interface contacts that rely on the springiness of 
stainless steel, as in the tube spark gap assemblies, show no 
evidence of damage. 

Clearly.- relying on the springiness of titanium is not 
satisfactory. As well, a much improved titanium to aluminium 
flange contact technique is essential. Reliable spot welding of 
the titanium components of the spark gap is also obviously 
indicated. 

4. Resistors for Pelletrons 
What do any of these "old age" failures have to do with 

replacing corona points with resistors? Perhaps the "age" of an 
accelerator should be measured by the number of sparks near full 
gradient rather than mere time. If so, we believe that an 
accelerator employing corona points would spark more frequently 
and so age faster for four reasons. 

1. Corona in SFfe produces solid breakdown products 
which, under conditions normally existing in 
accelerators, become free particulates. These 
detonate sparks. 
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2. To minimise the unavoidable concentration of 
corrosive SF & breakdown products, high through-put 
purifier systems are required. These produce 
particulates by chemical reaction on the purifying 
media, filters normally employed, allow to pass 
particles of some size or other. These too can 
detonate sparks. 

3. To minimise breakdown products, one tends to operate 
with high SF & gas pressure. This reduces the 
effectiveness of the spark gaps in protecting the 
alumina insulators. 

4. Open corona poirt assemblies da not provide a 
uniform gradient. This is due to the impracticality 
of installing the present variety with uniform gaps 
and is also due to uneven wear. Thus, because there 
is a relatively wide distribution in voltages across 
insulating gaps, those voltages at the high wing of 
the distribution detonate sparks. 
After more than ten years of using corona points, it is 

time to re-examine the arguments which persuaded one that corona 
points were the then appropriate voltage grading device. 

The table summarises the changed situation. 
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Corona Points vs Resistors 
Old Days 

Resistors Corona Points - Chains 

expensive 
unreliable 
large 

cheap 
reliable 
small 

modest current 
capacity 

Today 
Resistors Corona Points - Chains 

less expensive 
proven reliablity 
small enough 

cheap 
"reliable1 

small 

proven current 
capacity for 
resistor grading 

The main changes which should affect the choice of 
grading system are those associated with reliability. 
Resistors, properly protected, have been proved reliable in 
large machines like HVEC - MPs and the Daresbury accelerator as 
well as on NEC tubes on a small machine - the CN at Hahn 
Meitner Institute. The reliability of corona points in 
providing uniform grading without substantial injurious side-
effects is certainly questionable. Corona point assemblies are 
undeniably cheaper but must be replaced every two years in our 
operational environment. The reduction in capital cost and the 
longevity of resistors make them economically competitive even 
if not as cheap as corona points. 
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Conclusions 
The 14UD in Canberra continues to perform a service to 

the accelerator community in stressing itself to the point of 
uncovering possible weaknesses in its design and pointing to 
operational choices which might help avoid the consequences of 
these weaknesses. Operation at excessive SFg pressure and 
allowing negative sparking, should clearly be avoided. This 
should minimise the probability of ceramic failures. Operation 
at full gradient is the. reason for our existence and must be 
pursued. Equipment in the accelerator which precipitate sparks, 
such as particulates from erosion of post electrodes and from 
the corona distribution system, should be eliminated. 
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Figure 1. On the left B a standard column post. On the right, 
a post with the aluminium flange removed and the two 
adjacent titanium spark gap electrodes cut away. 
Ceramic A would be enclosed by the alumunium flange, 
B and D would have electric field across them, and C 
would be enclosed by a spark gap assembly. 

Figure 2. A cross section through ceramic B in figure 1, 
showing damage radiating from an internal site. 

Figure 3. The aluminium flange has been removed revealing 
severe spark erosion to both the flange -and the 
mating titanium part. The match head is just buried 
under aluminium powder. 
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FlGURE 1. 

FIGURE 2. 
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FlGURE 3. 


